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The purpose of this study was to determine if performing isometric 3-point kneeling exercises on a Swiss 
ball influenced the isometric force output and EMG activities of the shoulder muscles when compared with 
performing the same exercises on a stable base of support. Twenty healthy adults performed the isometric 
3-point kneeling exercises with the hand placed either on a stable surface or on a Swiss ball. Surface EMG 
was recorded from the posterior deltoid, pectoralis major, biceps brachii, triceps brachii, upper trapezius, and 
serratus anterior muscles using surface differential electrodes. All EMG data were reported as percentages 
of the average root mean square (RMS) values obtained in maximum voluntary contractions for each muscle 
studied. The highest load value was obtained during exercise on a stable surface. A significant increase was 
observed in the activation of glenohumeral muscles during exercises on a Swiss ball. However, there were no 
differences in EMG activities of the scapulothoracic muscles. These results suggest that exercises performed 
on unstable surfaces may provide muscular activity levels similar to those performed on stable surfaces, with-
out the need to apply greater external loads to the musculoskeletal system. Therefore, exercises on unstable 
surfaces may be useful during the process of tissue regeneration.
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Closed kinetic chain (CKC) exercises are often 
used in rehabilitation programs of shoulder pathologies 
(Kibler & Livingston, 2001; Uhl et al., 2003). Some 
authors (Lephart & Henry, 1996; Wilk et al., 1996) have 
indicated similar exercises performed on a relatively 
unstable base, such as on a Swiss ball, for more advanced 
phases of the rehabilitation program on the account that 
those exercises would promote an increased demand on 
the neuromuscular system to stabilize articular joints, 
increasing activation in stabilizing muscles (Lephart & 
Henry, 1996). Increased strength was another advantage 
attributed to unstable training. That gain in strength can 
be attributed to neural adaptations, due to increased 
numbers and firing rate recruitment of motor units (Behm 
et al., 2002) and improved coordination of the agonist, 
antagonist, synergist, and stabilizer muscles (Rutherford 
& Jones, 1986).
Some studies have investigated the influence of 
unstable surfaces on trunk and leg muscular activity 
during specific abdominal and back muscular training 
(Marshall & Murphy, 2006), core stability (Marshall & 
Murphy, 2005), and bridging exercises (Lehman et al., 
2006). These authors found increased activity in most 
muscles assessed. Contradicting previous studies, Drake 
et al. (2006) showed that the trunk muscular activity 
decreased during exercises on a Swiss ball compared 
with a stable surface. 
Recently, studies have been performed to investigate 
the influence of an unstable surface on shoulder muscle 
activity. Lehman et al. (2006) did not find differences in 
muscular activity of the pectoralis major during push-
up exercises performed on a Swiss ball when compared 
with the same exercise performed on a stable surface. 
However, the electromyography (EMG) activity of the 
triceps brachii was greater during push-up on a Swiss 
ball. Oliveira et al. (2008) compared shoulder muscles 
activity during different exercises accomplished with 
axial load on a Swiss ball and on a stable base of support. 
The authors found differences in the EMG activity for 
some of the studied muscles when performing push-up 
exercises on a stable surface compared with exercises 
on a Swiss ball. In accordance with previous results, 
Lehman et al. (2008) reported that using a Swiss ball in 
push-up exercises did not influence the EMG activity of 
scapulothoracic and glenohumeral muscles.
However, these studies did not control the force 
output used during the exercises; this factor may con-
tribute to greater variability during maximal contractions 
because the true maximum is difficult to attain (Ng et al., 
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2003). It has been demonstrated that feedback combined 
with verbal encouragement could enhance performance 
(Peacock et al., 1981). Considering the great clinical 
importance of using the Swiss ball in rehabilitation 
programs and the divergences among results found in 
literature, the objective of this study was to compare 
shoulder muscular activity recorded during isometric 
three-point kneeling exercises on a Swiss ball and on a 
stable surface, and also to determine if using an unstable 
surface influenced the EMG activity of these muscles. It 
was hypothesized that EMG amplitude would be greater 
on an unstable surface compared with the stable surface 
for all the tested muscles.
Methods
Volunteers
The study sample included twelve healthy male subjects 
(average age ± SD = 22 ± 3 years, average height ± SD 
= 175 ± 5 cm, average body mass ± SD = 68 ± 7 kg) vol-
unteered for this study. They were evaluated to confirm 
the absence of any dysfunctions related to upper-limb 
structures. Exclusion criteria included any history of 
shoulder, elbow, wrist, hand, or cervical injury or pain in 
the previous 6 months. Before being involved in study, 
volunteers signed a consent form, which was approved by 
the ethical review board of the University of São Paulo.
Instrumentation
EMG data were collected using surface differential elec-
trodes (two Ag-AgCl bars, 10 × 2 × 1 mm, with a 10-mm 
interelectrode distance, gain of 20, input impedance of 10 
GΩ and common mode rejection ratio of 130 dB; Lynx 
Electronics Ltda., São Paulo, Brazil).
A load cell (model MM; Kratos Dinamometros Ltda, 
São Paulo, Brazil) and auditory biofeedback, both linked 
to auxiliary channels of the electromyographer, were 
used to obtain real-time values in relation to the load 
applied onto the ball. Audio feedback was used to inform 
volunteers regarding the produced force level, allowing 
the force to be maintained within a 10% variation of the 
established value.
Both EMG signals and force output were sampled 
by a 12-bit A/D converter board with a 4-kHz frequency, 
and bandpass filtered at 0.01–1.5 kHz. Raw EMG data 
were digitally filtered at frequency bandwidth between 
10 and 500 Hz were calculated, as described by Araújo 
et al. (2009) and Andrade et al. (2011).
Experimental Procedure
The complete procedure for each volunteer was divided 
into two stages two stages, as described by Araújo et al. 
(2009) and Andrade et al. (2011). The first stage included 
an orientation about the study procedures, followed by 
physical evaluation and determination of maximal iso-
metric individual effort by calculating the average force 
collected by the load cell during three repetitions of the 
two tasks of interest. 
In the second stage, skin was shaved at the electrode 
sites, gently abraded, and cleaned with alcohol to reduce 
its impedance. Surface electrodes were positioned, with 
adhesive tape, in accordance with SENIAM (surface 
electromyography for the non-invasive assessment of 
muscles) recommendations (Hermes et al., 1999). No 
SENIAM guidelines for electrode positioning are available 
for serratus anterior (SA) and pectoralis mayor (PM); thus, 
the surface differential electrodes were placed according 
to Hintermeister et al. (1998). Position and orientation of 
electrodes were confirmed by palpation of the muscle belly 
during monitored contractions with resistance. A circular 
electrode (3 cm2) was used as a reference for reducing 
acquisition noise. It was fixed on the sternum with adhesive 
tape. EMG signals of the following muscles were recorded: 
the long head of the biceps brachii (BB), the long head of 
the triceps brachii (TB), posterior deltoid (PD), clavicular 
portion of the pectoralis major (PM), upper trapezius (UT), 
and serratus anterior (SA) muscles of the dominant limb. 
Three maximal voluntary isometric contractions (MVIC) 
were performed on the manual strength testing position 
as previously documented (Kendall et al., 1993) for each 
muscle to normalize the EMG data.
After a 6-min resting period and after the last MVIC 
test, each volunteer randomly performed the exercises 
selected for the study. Each exercise was performed with 
100% of the maximal isometric individual effort obtained 
during the first stage, and was repeated three times (6 for 
each contraction) with a 2-min rest between trials.
Tested Tasks
Each volunteer randomly performed three six-second 
contractions in different isometric three-point kneeling 
exercises with the dominant limb placed either on a stable 
surface (Figure 1a) or on a Swiss ball (Figure 1b) with 
axial load. The task was performed with the volunteer in 
the prone position, with the thigh and knee flexed at 90°, 
trunk parallel to the floor, and the dominant upper limb 
flexed to 90°, hand extended, and elbow in full extension. 
The nondominant upper limb was supported on the back 
of the body. A wooden box was placed under the sub-
ject’s knee to ensure horizontal trunk posture during the 
exercises, and a wooden support was arranged to attach 
the stable surface to the load cell. On a stable surface, all 
exercises were performed with the hand of the dominant 
upper limb applying perpendicular force directly on 
this surface. On the unstable surface, a Swiss ball was 
positioned between the volunteer’s hand and the stable 
surface. Subjects rested for at least 1.5 min between the 
isometric contractions and 3 min between each exercise 
to avoid fatigue effects in the EMG signal.
Data Processing
EMG signal processing was carried out in 4-s windows. 
The first and last seconds of the 6-s recording were 
excluded (for each studied task). The EMG amplitude 
values were represented by the root mean square (RMS). 
The raw data collected during each push-up exercise 
were normalized by the RMS mean value obtained in 
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three MVICs collected during manual muscular testing 
for each muscle.
Statistical Analysis
A series of paired t tests was used to assess the influence 
of the Swiss ball on EMG signal amplitudes. Differences 
among muscles were not examined, only between the stable 
and unstable surfaces. All statistics were performed using 
the statistical package SPSS (version 11.5) for Windows.
Results
Isometric three-point kneeling exercises on an unstable 
base influenced the load values produced and the muscle 
activation levels when compared with performing the 
same exercise on a stable surface. However, no changes 
were observed in the activation levels of the studied 
muscles.
There was a statistically significant difference for the 
load values between the exercises on a stable and those 
on an unstable base (p < .05). The load exercise value on 
a stable base was 306.9 N ± 56.9 compared with 236.3 
N ± 46.1 on the Swiss ball.
The normalized RMS values for each studied muscle 
during push-up exercises for both bases of support are 
shown in Figure 2. For the PM, BB, TB, and PD muscles, 
the RMS values were higher when performing isometric 
three-point kneeling exercises on a Swiss ball than on a 
stable base of support (p < .05). There were no statistically 
Figure 1 — Push-up performed with the distal extremity fixed on a stable surface (A) and on a Swiss ball (B).
Figure 2 — Normalized EMG activity of the clavicular portion of pectoralis major (PM), long head of biceps brachii (BB), long 
head of triceps brachii (TB), upper trapezius (UT), serratus anterior (SA), and posterior portion of deltoid (PD) muscles during 
push-up on a stable surface and on a Swiss ball.
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significant differences for the RMS values of the UT and 
SA muscles when comparing the two support methods 
(p > .05).
Discussion
The results of the current study demonstrated significant 
increases in the EMG activity of the following muscles—
PM, TB, BB, and PD—whereas no significant differences 
were observed regarding electromyographic activity of 
the UT and SA muscles between the unstable and stable 
surfaces.
These findings are in accordance with those of 
Lehman et al. (2008), who assessed the EMG activity 
of three stabilizing scapular muscles, among them the 
UT and SA, and did not observe activation differences 
between push-up exercises performed on a fixed bench 
and on a Swiss ball. The results presented by Lehman 
et al. (2008) stated that there were no differences in the 
EMG activities of the BB muscle. This differs from the 
current study, which observed increased EMG activity on 
this muscle when using a Swiss ball during the push-up.
In a previous study, Lehman et al. (2006) also evalu-
ated the influence of an unstable base on the EMG activity 
of the PM and TB muscles during push-up exercises. 
The results once again partially differed from the current 
study, since Lehman et al. (2006) showed an increase 
only in the muscular activity of the TB muscles and 
similar activation levels for the PM. The present results 
show increased activity in both muscles provided by the 
Swiss ball. The differences between the results found by 
Lehman et al. (2006) and those of the current study can 
be justified by methodological differences, considering 
that the current study evaluated the isometric one arm 
push-up while Lehman et al. (2006) evaluated the isotonic 
push-up performed with support of both hands.
Recently, Oliveira et al. (2008) evaluated the EMG 
activity of several articular muscles of the shoulder 
complex during different CKC exercises performed with 
unilateral hand support on stable and unstable surfaces. 
Different from other findings described in literature, 
Oliveira et al. (2008) show reduction in the EMG activ-
ity of the PM and SA muscles during push-up exercises 
on a Swiss ball. However, the previous studies (Lehman 
et al., 2006; Lehman et al., 2008; Oliveira et al., 2008), 
did not control the amount of load produced during each 
contraction, which may have influenced the results.
Besides evaluating the muscles previously analyzed 
in the literature, the current study also sought to evaluate 
the activity of the posterior portion of the deltoid because 
this muscle has recently been considered to be the major 
contributor to shoulder stabilization during one-arm push-
ups. The deltoid would be responsible for parallel stabili-
zation of the torso, controlling or preventing an excessive 
drop of the contralateral shoulder, maintaining the frontal 
aspect of the torso to the floor (Uhl et al., 2003).
As well as the BB, TB, and PM muscles, the DP 
also showed increased EMG activity during push-ups 
on the Swiss ball.
By analyzing the existing results in the literature 
and the results found in the current study, it is possible 
to make key considerations regarding the use of CKC 
exercises on an unstable surfaces, and muscular activity. 
The results suggested that the instability generated by the 
Swiss ball is able to influence the activation of the muscles 
responsible for the glenohumeral joint stabilization and 
elbow stabilization. However, it was not able to provide 
great scapula unbalance, which required increased scapu-
lothoracic muscular activity for increased stabilization.
In terms of power assessment, the current study 
results showed a significant reduction in the load values 
produced during the exercise on the Swiss ball. This 
finding is in accordance with previous studies (Anderson 
& Behm, 2004; Behm et al., 2002), which also reported 
a decreased power generation capacity in activities that 
show certain degrees of instability. These authors have 
previously suggested that the force reduction could be 
related to the fact that muscular activation, besides gen-
erating force, would also be responsible for maintaining 
articular stability.
Anderson & Behm (2004) have observed load values 
59% lower in the chest-press exercise (unstable surface) 
performed on a therapeutic ball, compared with the per-
formance of chest-press on a bench (stable surface). These 
authors have previously suggested that the force reduction 
could be related to the fact that muscular activation, in 
addition, to generate force, would also be responsible 
for maintaining articular stability. However, there is no 
support in the literature that confirms this hypothesis.
Finally, these findings may demonstrate that, despite 
the lower load values produced on an unstable surface, 
the muscles maintained and, in some cases, increased the 
activity levels due to the combination of power generation 
and the need of articular stabilization. It confirmed, there-
fore, the higher demand of the neuromuscular system 
during tasks that show certain degrees of instability, as 
suggested by several authors (Lephart & Henry, 1996; 
Wilk et al., 1996; Anderson & Behm, 2004).
Conclusions
The present results demonstrated great relevance to the 
clinical practice. It was shown that muscular activity 
levels during such exercises can benefit several physical 
rehabilitation programs, since the exercises performed 
on unstable surfaces may provide similar activity levels 
and, in some cases, higher than those provided on a stable 
surface, without the need of applying great loads to the 
musculoskeletal system during the tissue regeneration 
process.
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